ABSTRACT Calibrated optical spectrophotometric observations of 16 symbiotic and symbiotic-like objects are presented. The objects observed include Z And, T CrB, CH Cyg, CI Cyg, V1016 Cyg, V1329 Cyg, AG Dra, YY Her, RS Oph, XX Oph, AG Peg, AX Per, CL Seo, HM Sge, AS 289, and Ml-2. Integrated emission-line intensities are tabulated for comparison with ultraviolet and infrared data, as well as with previous optical studies. The reddening to each of the objects is derived by assuming that Balmer Unes are emitted in their case B recombination ratios. However, the values so derived are often systematically higher than reddening estimates from the ultraviolet 2200 A feature. Comparisons with the available data from other wavelength ranges are noted.
I. introduction
The term " symbiotic star" is perhaps one of the most indistinct classifications in all of astronomy. Since first used by Paul Merrill (see Sahade 1982) , the term "symbiotic" has been applied to a wide variety of objects which manage to produce a cool stellar continuum with superposed emission lines that indicate the presence of an unseen source of ionization. At present, the symbiotic star classification is thought to include slow novae, recurrent novae, mass-transferring binary stars, protoplanetary nebulae, and perhaps even some single stars. This has led Nussbaumer (1982) to define a symbiotic star as an astronomical object with the following properties: (ö) its spectrum shows the typical nebular emission Unes combined with the spectrum of a cool star; (fr) on the time scale of years, its luminosity shows variations that may attain several magnitudes; and (c) it cannot be clearly classified as something else! A recent compendium of symbiotic stars and a somewhat more descriptive definition can be found in Allen (1979) .
The study of these objects has recently entered a new phase as a result of recent improvements in electronic detectors in the optical and infrared and greater access to the ultraviolet region of the spectrum that has been provided by the International Ultraviolet Explorer ( IUE) satellite (Boggess etal 1978) . This explosion of informa-1 On leave from the Joint Institute for Laboratory Astrophysics. University of Colorado and National Bureau of Standards. tion led to two meetings devoted to the topic of symbiotic stars in 1981: the North American Workshop on Symbiotic Stars held at Boulder, Colorado, in June and IAU Colloquium 70 held at Haute Provence in September (Friedjung and Viotti 1982) . However, instead of homogenizing the group, the recent advances have reemphasized the fact that symbiotic stars are a heterogeneous collection of objects in a variety of presumably short-lived evolutionary stages.
Upon inspection of the proceedings of the recent meetings, it is somewhat surprising to realize that there is not very much flux-calibrated optical spectroscopy to go along with the new results in other wavelength regions (however, see Oliversen and Anderson 1982¿z, b) . It is our purpose in this paper to at least partially rectify this situation by presenting a homogeneous set of optical (3500-7500 À) spectrophotometric data for 16 symbiotic stars and related objects in a format suitable for direct comparison with IUE and other nonoptical data.
II. observations
The spectrophotometric observations were obtained at the McGraw-Hill Observatory using the 1.3 m telescope and a 2000 channel intensified Reticon spectrometer. The spectrometer, similar to the one described by Shectman and Hiltner (1976) , is a photon-counting instrument with pulse-centroid finding electronics. and either a 576 or 8" circular aperture that yielded a spectrum with coverage from 3500-7500 A and a resolution of -10 A. A log of the observations is given in Table 1 , along with visual magnitude estimates at the time of the observations which have been provided by the American Association of Variable Star Observers (AAVSO). Sky subtraction was done automatically by chopping to a position 40" west of each object every 15 s. After subtracting the accumulated sky scans, the spectra were reduced to flux versus wavelength using observations of white dwarf standard stars (Oke 1974) and Hg, Ne, and Ar comparison lamps, along with the mean extinction coefficients for Kitt Peak. The resulting spectra are shown in Figures 1-16 , where in some cases, Ha has been truncated in favor of fainter features. The brightness of the emission lines in some of the objects necessitated the use of neutral density filters. In most of these instances, the standard stars were also observed with the neutral density filter in place in order to allow a more accurate calibration; however, two exceptions to this general rule are noted in Table 1 . In a few cases, the brightest emission line (usually Ha) was still bright enough that additional correction for detector dead time was necessary. Tables 2A and B list both the observed and reddening-corrected emission-hne fluxes scaled relative to Hß = 100. These relative fluxes can be converted to absolute fluxes using the absolute Hß fluxes shown for each object at the bottom of the tables. The extinction correction applied was a Whitford law (Whitford 1958) in the format given by Miller and Mathews (1972) , and it assumed that the hydrogen lines are emitted in their theoretical case B recombination ratios for V e = 10 4 cm~3 and T e = 10,000 K (Brocklehurst 1971) . In all of the objects where Hy was sufficiently well determined, the correction was obtained from the Hy/Hß ratio, but the Ha/Hß ratio was used in three cases where Hy was weak (CH Cyg and RS Oph) or missing (XX Oph). The color excesses derived in this manner are shown at the bottom of Tables 2A and B. The extent to which this method of obtaining the reddening is appropriate can be judged by (a) how well the remaining Balmer lines compare to their expected values and (b) how well the extinction determined from the Balmer lines agrees with results available from the ultraviolet. The Ha and H8 lines were corrected to their recombination values (within the accuracy of our observations) for six of the 11 objects where the Hy/Hß ratio was used; in the remaining five objects, Ha is still considerably stronger than its recombination value. This apparent inconsistency is not surprising since many of the symbiotic stars are at much higher densities than we have assumed. For instance, Adams (1975) has discussed the Balmer line ratios in Ml-2 and showed that selfabsorption effects caused Ha to be too strong relative to the other Balmer Unes. However, density affects may not be a sufficient scapegoat; Z And, Cl Cyg, AG Dra, and AG Peg all have densities derived from ultraviolet line intensities of > 10 10 cm -3 (see Hack 1982; , and yet only the first two have Ha too strong for recombination. In the two objects with weak Hy, the correction using Ha/Hß also corrected Hy to its recombination value. T CrB presents special problems since Hy and Ha are both too strong relative to Hß. However, underlying stellar absorption may affect these lines. The upper limit on H y in XX Oph indicates that Hy is weaker than expected from recombination, although this weak line could also largely be affected by the underlying stellar continuum. Table 3 shows a comparison of reddening estimates for those objects which also have ultraviolet data available. Most of the ultraviolet values come from the technique of removal of the 2200 À absorption dip, although a few objects also have estimates from various emission-line ratios. The table is about evenly divided between objects whose ultraviolet extinctions agree with the optical and those that do not. The apparent agreement in some cases may be misleading; with one exception, the objects with acceptable agreement are the ones for which the Ha line is stronger than expected from recombination. For those that do not agree, the ultraviolet measurement is most often considerably less than the optical one. This systematic effect may indicate a tendency toward peculiar ultraviolet extinction in many symbiotics. An extreme case may be AG Dra, for which find a low E(B-V) value from 2200 À feature but note the presence of strong interstellar absorption features. Also, R Aqr (not observed here) shows a pattern similar to many of our objects, with E(B -V) = 0.67 from the Balmer Unes, but no reddening indicated by the ultraviolet observations (see Hack 1982, and references therein) . Since the slope of the continuum in the ultraviolet is an important diagnostic tool for understanding the hot components in these systems, the presence of peculiar extinction properties would make such interpretations less straightforward.
There are numerous advantages to the method of observing used here in comparison to the photographic spectra that have been reported heretofore. Besides the obvious advantage of accurate sky subtraction and short integration times, this method provides a larger dynamic range than any photographic plate, and the calibration of the resulting spectrum is much more accurate. By comparing results from various standard stars, we estimate the absolute fluxes to be determined to within 30%; the relative line fluxes should be accurate to 10% for the strong lines, while ranging up to 50% for the weakest lines in any spectrum presented here.
III. COMMENTS ON INDIVIDUAL OBJECTS a) ZAndromedae {HD 221650, BD + 48°4093)
More so than perhaps any other object, Z And is considered the archetype of the symbiotic stars (Viotti et 1983ApJS...53..573B No. 3,1983 SYMBIOTIC STAR OBSERVATIONS al 1982¿z). The spectrum of this object, given in Figure  1 , shows both bright emission lines of hydrogen and other species and the cool continuum of an M star, interrupted by strong TiO absorption bands at 4762, 5167, 5448, 5862, 6249, 6650 Á, and near 7125 Á (Davis 1947; Altamore, Baratta, and Viotti 1979) . A Balmer discontinuity of -1 mag is suggested. Below we detail some of the history of Z And because it is representative of the symbiotic characteristic of variability. The photometric history of Z And was most recently reviewed by Mattei (1978 Mattei ( , 1981 , describing light variations of m v = 8-11, with intervals between maxima ranging from 310-790 days, and a mean period of 632 days. There have been five reported outbursts since 1888, including increases to F=9 (1895-1905) , B = 9 (1914-1923), F=8 (1939-1947), V= 9 (1959-1964), and K = 8 (1965-1972 ) from a quiescent magnitude of K = 11.0. These outbursts tend to begin with a slow brightness increase, accompanied by periodic oscillations ( -700 days), then a rapid rise to maximum light for 100-200 days (S. Kenyon, private communication) . Subsequently, as V and B-V decrease, U -B increases (Belyakina 1965) ; thereafter a slow decline is seen with periodic, 700 day oscillations. Merrill (1948) has reviewed spectral changes during one outburst, reporting a transient shell spectrum in 1939, with metal lines in absorption blueward of 3646 Â and in emission redward. By 1941 the shell spectrum faded, leaving a very complex spectrum of N m, C m, C iv, and nebular lines. Subsequent changes suggested an expanding nebula with decreasing electron density and increasing excitation. Line displacements were complex but quasi-periodic, with a 680 day average cycle. After 1943, the excitation again declined, with the cool 1983ApJS...53..573B 576 BLAIR ETAL. continuum and absorption lines reappearing. But in 1946 a well-developed shell spectrum returned, including complex Balmer line emission. Again the shell spectrum faded by mid-1947. The spectrum of Z And and many of the symbiotics can be characterized by rapid, substantial fluctuations probably associated with tidally driven discrete mass transfer events leading to accretion phenomena (outbursts). Further spectral changes of Z And have been chronicled by Aller (1954) and Tcheng and Bloch (1956) .
The ultraviolet spectrum of Z And has been discussed by Friedjung (1980) and by Altamore et al. (1981) . A very rich emission-line spectrum was observed in the ultraviolet, with excitation ranging from O i and Mg ii up to N v, O v, and Mg v. The weak continuum is inferred to arise from a hot subdwarf (T eff « 4x10 4 K, R « 2 X10 10 cm). From the emission lines they derived A e -2X10 10 cm -3 in an emitting volume of 6xl0 36 cm 3 with line-of-sight thickness of 6X10 10 cm. They interpret this to mean that the high excitation emission Unes are not nebular, but come from a region surrounding the M6.5 giant that is analogous to the solar transition region.
b) T Coronae Borealis
T Coronae Boreahs is a recurrent nova consisting of an M3 III star with a subluminous blue companion (Webbink 1976) . It is included in the recent compendium of symbiotic stars given by Allen (1979 Our spectrum, shown in Figure 2 , indicates that the emission-line spectrum has all but disappeared, with only a few feeble members of the Balmer series remaining. The spectrum is now dominated by the cool component, with strong absorption bands of TiO, Ca i X4226 and perhaps Ca u H and K. No attempt has been made to derive the reddening from the Balmer lines, although a value of E{B -V) = 015 was found from the ultraviolet .
The ultraviolet spectrum has been recently studied by Plavec and Keyes (1981) , Plavec (1982) , Kafatos (1981), and (Hack and Selvelli 1982) . Yamashita and Machara (1979) have reported radial velocity variations of 5750 days (16 yr). Our optical spectrum (Fig. 3) shows Ha and H/? but few other emission Unes, plus the cool molecular absorption of a late M giant. Allen (1979) excluded CH Cyg from his list of symbiotic stars because of this lack of high excitation emission lines. However, CH Cyg has shown episodes of enhanced activity in 1963, 1967, and 1977 , and observational reviews of these episodes are given by Faraggiana and Hack (1971) , Deutsch et al. (1974) , Galatola (1973) , and Slovak and Africano (1978) . Rapid flickering of optical light was reported by Slovak and Africano (1978) , following an earher report by Wallerstein (1968) .
The ultraviolet spectrum was first discussed by Wing and Carpenter (1981) , who noted the pecuhar "triple reversal" in the emission core of Mg n, resulting from interstellar absorption and an expanding shell moving at -60 km s'
1 . The width of the Mg n profile and subsequent changes during 1981 that suggest increasing circumstellar absorption appear to be consistent with a higher luminosity class than previously suspected. In addition, emission lines of He n XI640, Si ni XI892, and C ni XI909 were seen, plus a continuum discontinuity below 1720 Á suggesting a 7000 K object.
Evidence for changing circumstellar material also comes from recent high dispersion work in the optical. Anderson, Oliversen, and Norsieck (1980) monitored the variations in the Ha profile in 1978 and 1979 and found a central absorption component which was nearly constant in velocity space. Wallerstein (1981*2, 6 ) has reported the emergence of emission at [O i] X6300 with a velocity of -63.4 km s' 1 , inverted P Cygni profiles at the Na i D lines, and multiple circumstellar components at Ca ii and Na D. More recently, finds evidence for a forming shell and points out similarities to the recurrent nova RS Oph.
None of these details are apparent in our low dispersion spectrum, which was obtained in 1980 August. In addition to Ha and Hß, two other emission features are Usted in Table 2A . Although they appear at the ap- (Mattei 1978) . In Ught of parallel papers Stencel, MichaUtsianos, and Kafatos 1982) discussing ultraviolet observations during and since the 1980 ecUpse of CI Cyg, we wül abbreviate discussion here. The system may be understood as an episodic mass transfer binary comprised of a red giant plus a hot subdwarf or white dwarf that develops an accretion disk early in the outburst phases. As the outburst ages, the disk dissipates, and a wind-wind shock develops on a size scale comparable to the orbital one.
Our optical spectrum shown in Figure 4 was obtained near egress during the recent ecUpse. Comparison with synoptic optical spectra by Anderson, CassinelU, and Sanders (1981) indicates that the strength of the Balmer lines was significantly reduced during ecUpse, consistent with the fading of the UV Balmer continuum. The Balmer emission may arise in the outer portions of an aging accretion disk. Other aspects of the optical spectrum were discussed by Boyarchuk (1969b ), Belyakina (1980 , and Mammano, Rosino, and Yildizdogdu (1975) .
Interstellar extinction in the direction of Cl Cyg has been estimated by Mikolajewska and Mikolajewski (1980) For their assumed distance modulus for Cl Cyg, they obtain =1.48 + 0.08, which is comparable with that found from the Balmer lines using our assumptions only if R = 3.44. However, recent infrared photometry by Kenyon and Gallagher (1982) indicates a high luminosity for the cooler object (i.e., bright asymptotic giant) and hence a larger distance. This also implies a mainsequence companion and a smaller mass transfer rate.
e) AG Draconis (BD + 67°922)
This interesting and active star has one of the warmest photospheric continua (K type) and largest Balmer discontinuities in our series of spectra (Figs. 5a, b) . It is also one of the very few symbiotics to be detected as a source of soft X-rays (Anderson, Cassinelli, and Sanders 1981) . Furthermore, it has a large space velocity, Table 1 ). Wallerstein (1981c) to suggest that it is a halo star, a conclusion that is also supported by Viotti et al. (1983) . Its high galactic latitude makes it an excellent EUV candidate source.
The historical behavior of AG Dra is curious, exhibiting two outbursts: one in the late 1920s-early 1930s, and another in the 1950s (Robinson 1964) . Subsequent activity has been reported by Lutz and Lutz (1981) and Oliversen and Anderson (1982Z>) of an outburst in 1980 June. These outbursts tend to change the K giant spectrum into a featureless B star continuum. The optical spectrum has been discussed by Boyarchuk (1969¿z) and Johnson and Golson (1969) . Photometric variations were analyzed by Meinunger (1979) , who found AG Dra to be a long-period variable with a 554 day period. Smith and Bopp (1981) report correlated Ha profile variations.
We have obtained two spectra of AG Dra: one in 1980 August during the decline phase of 1980 June outburst, and the other in 1981 February (Figs. 5a,b) . The apparent feature around 5200 A in these spectra is a grating flaw and is not real. The earlier spectrum shows strong hydrogen and helium emission Unes and a hint of reemerging absorption features belonging to the cool component. The later spectrum was obtained with a small slit (as opposed to a neutral density filter), so the absolute calibration in this spectrum is not accurate. The lines that changed relative intensity significantly from August to February are shown in parentheses in Table 2A , the most important of which are He n A4686, He i X5876, and the curious feature at 6835 A which became stronger, weaker, and broader, respectively. The possible identification of the X6835 feature has been discussed by Allen (1980) . Ultraviolet observations of AG Dra were obtained by Lutz and Lutz (1981) , Viotti et al. (19826, 1983) , and ourselves. Bright emission of C iv X1550 and Si iv-O iv] X1400 increased dramatically, and N v X1240 and N iv] X1486 remained constant during the optical light decline between 1980 June and November. An absorption component on the long wavelength side of the Mg il X2800 doublet has been identified as interstellar (Viotti etal. 1983 ). The UV plasma diagnostics implied very high densities, lO^-lO 11 cm -3 , and this, in combination with T e = 1.1 X10 6 K and V H = 3 X10 20 cm -2 suggested by the X-ray data, indicates that a single-star corona could be involved. Otherwise, very large mass transfer rates are implied for a red giant-white dwarf binary (Oliversen and Anderson 1982; Viotti etal. 1983 ).
/) YY Herculis (MHa 352 -34, AS 297)
Although known to be a variable star for many years (Wolf 1919), the spectrum by Herbig (1950) first identified YY Her as a symbiotic star. This spectrum showed moderately strong TiO bands which allowed the red component to be classified as M2, and emission lines of hydrogen and helium. The He il X4686 line was particu- larly strong at that time, being approximately equal to H/L Herbig also found a rapid change in radial velocity of ~ 20 km s" 1 over a 2 week period. YY Her appears in the emission-line star catalogs of Bidelman (1954) and Wackerling (1970) .
The spectrum given in Figure 6 shows many of the same characteristics as described by Herbig; emission lines of hydrogen, He i, and He n are clearly seen emerging from an M star continuum. He il X4686 is now about one-fourth the strength of Hß, and the He i lines at 5876, 6678, and 7065 A are particularly prominent. An ultraviolet spectrum was obtained by about the same time as the spectrum shown in Figure 6 . This spectrum shows strong emission lines of He h XI640, C iv XI550, and N v XI240, along with weaker lines of Si n and iv, O n, m, and iv, and N iv. A continuum increasing slightly toward shorter wavelengths implies the presence of a faint hot source similar to a planetary nebula central star.
g) RS Ophiuchi
RS Ophiuchi has been classified as a recurrent nova, having undergone major brightenings in 1898 and 1933 (Adams and Joy 1933û) . A spectrum obtained in 1923 (Adams, Humason, and Joy 1927) showed Balmer emission and a G5-type continuum, although this almost certainly came from a later type star in conjunction with a blue companion (Swings and Struve 1941) . During the latter outburst, it brightened from its quiescent magnitude of w pg^n .4 to w pg «4.3, with its subsequent spectral development being followed by Adams and Joy (19336, 1934) , Humason (1938 ), and Swings and Struve (1941 , 1943 . While P Cygni profiles were seen, the ejection velocities indicated were much smaller than in normal novae. The emission-line spectrum was highly More recent outbursts in 1958 and 1967 have been followed by Wallerstein (1963, and private communication) and Wallerstein and Cassinelli (1968) . During the earlier outburst, Wallerstein found an initial expansion velocity of 3000 km s -1 which then decreased rapidly, perhaps explaining why higher ejection velocities were not seen during earlier outbursts. The spectrum at quiescence was that of a shell star, with many weak emission lines of Fe, Ti, and Sc evident.
The spectrum shown in Figure 7 indicates that Balmer and He i lines dominate the emission-line spectrum with no indication of He n \4686. Weak Fe n lines probably contribute to the ragged appearance of the continuum. The continuous energy distribution is very red, with weak TiO bands. h) XX Ophiuchi (MWC 269, HD 161114) XX Ophiuchi has been known as an emission-hne star since 1907 and has exhibited complex spectroscopic and photometric variations throughout its history (Merrill \929a,b, 1951Z?, 1961 , and references therein). Known also as Merrill's "iron star" because of the large number of Fe lines in the spectrum (see Merrill 19516) , the star has also had periods where P Cygni profiles or only absorption lines were present. More recent optical and infrared photometry appears in Lee (1970) , Gehrz and Woolf (1971) , Swings and Allen (1972) , Kleinmann and Kuhi (1972) , and Kuan and Kuhi (1975) , although most of these studies were undertaken for other purposes. Kleinmann and Kuhi (1972) assigned a temperature of T = 16,500 K to the hot component in XX Oph and estimate a mass loss rate of 5-25 XlO -6 M 0 yr -1 . The most complete photometric study of XX Oph is by Lockwood, Dyck, and Ridgway (1975) . Using a combination of broad-and narrow-band photometry, they find that the continuum shape from 0.36 to 10.2 /¿m is consistent with the presence of a B0 III star and an M6 III star reddened with A v = 4 mag.
Our spectrum of XX Oph is shown in Figure 8 . At the resolution and sensitivity used here, the spectrum is rather unimpressive, showing only Ha and Hß in emission and a choppy, slightly red continuum; the choppiness is no doubt due largely to unresolved Fe I and Fe II lines. The reddening indicated by the Balmer lines is large, with E(B -F)=1.08. This is smaller than that found by Lockwood et al. unless the extinction in this direction is pecuhar (i.e., R Ä 3.7).
/) AGPegasi (BD + 11°4673, HD 207757)
The complicated spectral and photometric history of this star has been more than adequately chronicled by Merrill in a series of articles that span more than four decades (Merrill 1916 (Merrill , 1929a (Merrill , 6, 1932 (Merrill , 1942 (Merrill , 1951a (Merrill , 1959 Merrill commented often about a ~ 800 day period in the emission-hne radial velocities, and recent work by Hutchings and Redman (1972) , Cowley and Stencel (1973) , and Hutchings, Cowley, and Redman (1975) has determined a period of 820 days in a binary with an M giant star and a WN6.
The spectrum in Figure 9 shows an emission-hne spectrum dominated by Balmer lines emerging from a red continuum with TiO absorption bands. He n A4686 is about half as strong as Hß, but the He i hues are peculiar, with À6678 being much too strong relative to ÀÀ5876 and 7065. The reddening derived from the Balmer lines is £(R -F) = 0.14, which is nearly in accord with that determined from the ultraviolet data (see below). However, this may be fortuitous, given the fact that the Balmer line ratios have been seen to vary by a factor of 2 (Hang and Mo 1963), probably indicating self-absorption is nonnegligible.
The ultraviolet spectrum of AG Peg has been discussed by Slovak (1980 Slovak ( , 1982 and Plavec (1980,1981) . From the 2200 Á feature, E(B-V) = 0.12 + 0.03, which is comparable with the figure derived from the Balmer Unes. The high dispersion IUE data of Keyes and Plavec (1980) show a multiple structure in some emission Unes, indicating a complex region is responsible for the emission. Gregory, Kwok, and Seaquist (1977) have found a radio spectrum consistent with free-free emission from a circumstellar nebula. Ghigo and Cohen (1981) have measured an angular size of 1" with the VLA. Feast, Robertson, and Catchpole (1977) determined the infrared colors of AG Peg and found them normal for an M star continuum. j) AX Persei (MWC 411, MW 228) AX Persei is another symbiotic star whose photometric and spectral properties have been followed for many years. The star's early photometric history was discussed by Lindsay (1932) , who found variations from m vg = 9.4-13.4, with a 650 day oscillation that changed in amplitude and sometimes disappeared. More recent photometry is available from Mattel (1981) , showing irregular variations throughout the 1970s until 1978 January when it brightened to m v ~ 9 from -12.5. It then dechned slowly until another brightening in 1979 December, 685 days later.
The spectroscopic history has been charted by many authors, including Merrill (1933 Merrill ( , 1944 , Swings and Struve (1940 , 1942a , b, 1943a ), Gauzit (1955), Tcheng (1958, and references therein), and Boyarchuk (1969a, b The spectrum in Figure 10 shows CL Scorpii was first identified as Harvard variable 4035 by Luyten (1927) , who identified outbursts from the star in 1892 , 1899 , 1907 , and 1926 . Swope (1941 made a fairly detailed study of the light curve but was unable to determine any periodic variations. Elvey and Babcock's (1943) spectra showed a continuum and strong hydrogen lines, with He i À5876 and He il À4686 also present. Bidelman (1954) gives a photometric range of 11.2 < m pg <13.9 for CL Sco, while Wackerling (1970) gives R -F = 1.0. More recently, Henize (1976) has noted a weak continuum and variable Ha emission, but no TiO bands were detected.
Our spectrum is given in Figure 11 and clearly shows TiO bands in the faint, red continuum. The emission-line spectrum is dominated by the Balmer lines, although He i XX 5876, 6678, and 7065 are also very prominent; [O in], [Ne in], and He il X4686 are all present, but weak.
The ultraviolet spectrum of CL Sco was obtained ~ 1 month prior to our optical observations (Michalitsianos etal. 1982) . Strong lines of C m], C iv, O m], and N m] are seen emerging from a weak continuum that increases toward longer wavelengths; He n XI640 and N v XI240 are weak or absent. Although the continuum is noisy near 2200 À, these authors find that E(B -V) = 0.1-0.2 mag corrects the ultraviolet data for reddening.
/) AS 289 (Hen 1627)
AS 289 appears with a B-type classification in the emission-line star catalog of Wackerling (1970) , but little else is known about it. It is not included in Allen's (1979) symbiotic star listing, but seems to fulfill his criteria for group membership. Our spectrum (Fig. 12) shows a very steep Balmer decrement which, with E(B -V) =1.55, can be nearly corrected to recombination values. In addition to Balmer emission, strong lines of He i and He n are seen emerging from a red continuum with TiO absorption bands. A number of weaker Unes (including [Fe vn] X6085) may also be present, although further spectroscopy is needed for confirmation. m) Ml-2 (W8) Ml-2 is a pecuhar emission-line star that has been classified both as a compact planetary nebula and as a symbiotic star (Allen 1979) . It was discovered and cataloged by Minkowski (1946) , but the first detailed study was that of O'Dell (1966) , who saw emission lines of hydrogen, He i, and [O m] emerging from a continuum that was classified as a G2 supergiant. However, O'Dell qualified this classification, since a real supergiant with the apparent magnitude of Ml-2 would be at a distance of 90 kpc, which was deemed unlikely.
More recent observations have shown the emissionline spectrum to be rather constant (Zipoy 1975; Lutz 1911a, b) , with the only change being an increase in the Balmer decrement in comparison with O'Dell's (1966) spectrum (Adams 1975) . The physical conditions of the emitting gas have been determined to be roughly T e = 16,000 K and N e = 10 7 -10 8 cm -3 , and the lower Balmer Unes are thought to be optically thick. After applying corrections for self-ab sorption, Adams (1975) estimates E(B -K) ~ 0.5. Drummond (1980) recently suggested that the u central star" is binary, with a period of 4 hr and an eclipse depth of 0.06 mag. However, more recent photometry by Grauer and Bond (1981) show the star to be constant to a level of ± 0.01 mag.
An excess of infrared emission has been interpreted as being due to dust (Cohen and Barlow 1974, and references therein) . A preliminary analysis of IUE data (Feibelman, unpublished) indicates that the strongest ultraviolet lines are C iv X1550 and C m] X1909. Several models have been developed for this system, including both binary (Arkhipova, Noskova, and Gaparov 1974; Adams 1975 ) and single stars (Zipoy 1975) , but all of these models have difficulties (Lutz 1911b ). Grauer and Bond (1981) suggest that the G star is a marginal Ba n star with a luminosity typical of luminosity class III. In this scenario, the "supergiant" spectrum arises as a result of enhanced abundances of strontium and CN, and the star would be in the Perseus arm.
Our spectrum is shown in Figure 13 ; the emission-hne intensities compare very favorably with those of Adams 1983ApJS...53..573B 586 BLAIR ETAL. Vol. 53 (1975 and Lutz (1977&) , except for the Balmer lines, for which a steeper decrement is now indicated. (Note, however, that our measurement at Ha is uncertain because this line was nearly saturated.) We find that E(B -V) = 0.38 nearly corrects the lower Balmer lines to their recombination ratios, although the application of such a correction is somewhat dubious, given the prior comments about Balmer line optical depths.
n) HM Sagittae HM Sagittae is the most recent addition to a subclass of symbiotic stars which have been called protoplanetary nebulae by some and very slow novae by others. Additional members of this class include V1016 Cyg, V1329 Cyg, and possibly RR Tel (Kwok 1982) . In a search of 19 symbiotic stars in 0.2 in 2 keV X-rays, Allen (1981) obtained solid detections of only three objects: HM Sge, V1016 Cyg, and RR Tel (note: V1329 Cyg was not observed). This is significant and may indicate that thermonuclear processes on the surface of a white dwarf are responsible for the outbursts in these objects (see Allen 1981) .
HM Sge brightened by 5 mag in 5 months during 1975, and the emission-hne spectrum has shown a tendency toward increasing ionization with time at least through the end of 1979. We have recently reported a high quality spectrum of this object obtained in 1979 November (Blair etal 1981) that in large part was responsible for our undertaking the current project. In light of the detailed analysis given in this previous paper, we will restrict discussion to the changes that have occurred in more recent spectra relative to this earlier work. Figure 14 a shows the spectrum from 1980 August. This spectrum was exposed without a neutral density filter so only lines weaker than Hß are unsaturated. The only differences of a substantive nature between this spectrum and the one from 1979 November (Blair et al. 1981) Figure lAb was obtained almost 1 yr later (see Table 1 ). Since a neutral density filter was used, the signal-to-noise ratio in the weakest lines is not as good as the earlier spectrum, but it does not appear that any additional changes of merit have taken place. This behavior in the optical lines is in contrast to what has been seen in the ultraviolet by Feibelman (1982 a), whose IUE spectra show steady to slowly rising excitation throughout this time, continuing into 1982 (Feibelman, unpublished) . This startling dichotomy between the optical and ultraviolet data is not understood. References to radio work and previous optical results can be found in Feibelman (1982a) .
VI016 Cygni is the principal representative of the subclass discussed above. This former long-period variable star (Nassau and Cameron 1954) exhibited a nova-like outburst in 1965 (Fitzgerald etal. 1966 ) and developed an emission-line spectrum that has slowly increased in excitation with time (Fitzgerald and Houk 1970; Mammano and Ciatti 1975) . Infrared photometry during the period 5-7 yr after the outburst (Harvey 1974) indicated that the Mira star was still present with a period of -450 days. This has caused some authors to consider binary models for the system (Mammano and Ciatti 1975; Taranova and Yadin 1983) , although single-star models have also been proposed (Baratta, Cassatella, and Viotti 1974; .
Our spectrum from 1980 August is shown in Figure  15 , with the derived emission-line fluxes shown in Table Ciatti, Mammano, and Vittone (1979) is somewhat difficult, but it appears that the unidentified X6830 feature seen emerging from 1977 to 1979 has continued to get stronger. A spectrum obtained almost 1 yr later (not shown) indicates no significant changes from the one shown in Figure 16 . Although the continuum in our spectrum is very weak, molecular bands of A1H, TiO, and VO were identified by Mammano and Ciatti (1975) . Baratta, Cassatella, and Viotti (1974) and Ahem et al (1977) The ultraviolet spectrum of V1016 Cyg has been reported by Nussbaumer and Schild (1981; hereafter NS) and Feibelman (1982a, 6) . Feibelman (1982a) shows that the lines of the highest ionization stages have been variable but generally have increased in strength over the time period 1978-1981. NS determine physical conditions for the nebula similar to those described above, but invoke a single-star-protoplanetary nebula model to explain their ultraviolet data. They argue that P Cygni-like profiles would be expected in the event of duplicity and question the interpretation of the IR photometry. VLA maps of V1016 Cyg by Newell and HjelIming (1981) suggest an expanding bipolar nebula, which could be due either to expansion as in a planetary nebula or to interacting flows due to binary motions. An ultraviolet shell may be forming, as evidenced by the splitting of the C iv XI5 50 and He il XI640 emission Unes in 1982 (Feibelman 19825) . No such splitting was evident in 1981 or before. However, this interpretation has recently been called into question by Deuel and Nussbaumer (1983) . The quantitative spectroscopy and comprehensive model of NS present a strong and consistent case for the single-star model of this object.
On the basis of [Ne v] and He n line ratios and the strength of the 2200 À interstellar feature, NS derive E(B -V) = 0.28. On the basis of the Balmer decrement in our observation, we infer a slightly lower value of 0.23, although an optical determination by Ahem (1978) gave E{B -V) = 0.27. Table 25 .
The photometric history has been summarized by Kohoutek and Bossen (1970) , Arkhipova and Mandel (1973 ,1975 ), and Hicks (1973 . The mid-1960s outburst of VI329 Cyg was somewhat less dramatic than its counterparts, with an increase of 2-3 mag indicated. Prior to outburst an M-type spectmm was observed, and during and after outburst oscillations of ~ 1 mag with a 580 day period were noted. Allen (1974) reports IR photometry that suggests the continued presence of an M star. Grygar et al. (1979) derived a radial velocity period of 950 days and a mass function of 23 based on 10 yr of plates showing velocity changes in the Unes, lijima, Mammano, and Margoni (1981) conclude from this radial velocity data that the M star must be very massive ( ~ 23 M 0 ). Hence, there is some evidence that VI329 Cyg might be substantially different from HM Sge and V1016 Cyg despite the similarities in their optical spectra. However, the 950 day period may be due to the movement of an ionization front instead of binary motion (see Ujima and Mammano 1981) . If this is the case, the massive M star hypothesis would be unnecessary. The radio properties of the system have been discussed by Altenhoff and Wendker (1979) and Hjellming (1981) , and the ultraviolet properties have been discussed by Feibelman (1982a) and Nussbaumer and Schmutz (1983) .
IV. SUMMARY
We have presented cahbrated optical spectrophotometric observations of a variety of symbiotic and related stars in the hope that these spectra wiU permit quantitative comparisons with data from other wavelength regimes. Optical and ultraviolet observations taken close together in time in conjunction with detailed models may provide important information about abundances. For instance, the best-fit model for V1016 Cyg by Nussbaumer and Schild (1981) seems to indicate planetary nebula-like abundances, with enhanced He and depleted C and O relative to N as would be expected from CNO processing. The very strong He i and He n Unes in many of the symbiotic stars presented here point intuitively to an enhanced He abundance, although detailed calculations of colhsional and self-absorption effects in both H and He will be necessary to confirm this suspicion.
1983ApJS...53..573B SYMBIOTIC STAR OBSERVATIONS 589 No. 3,1983 However, since symbiotics are variable, care must be exercised in any detailed applications of our observations. This variability may hold the key to why symbiotics have defied interpretation: we may be witnessing a rapid evolutionary transformation in binaries of a selected mass range and age. The lineage and possible kinship to the RS CVn, Ba II, cataclysmic and Algol binaries, as well as the W Serpentis stars, will make an interesting area for research in the coming years. Only continued observations at all wavelengths, particularly the infrared and the extreme ultraviolet, will ultimately let us select among competing theoretical scenarios.
